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Introduction

Engineers in the. Standard Broadcast Division of the Commission are
frequently confronted with the problem of checking the proposed design of
& directional antenna array for use in the AM broadcast band, Many articles
have been written on the subject covering the design theory. It is proposed
in this paper to ccllect and present in useful form the formulas, concepts,
and availabls curves which are needed to check the design of an array.

The usual assumptions of perfect ground and sinusoidal tower current
digtribution are made, For the performance of a directional array the field
intensity at one mile in the various directions is studied, The fields at
other distances are easily obtained from the appropriate condwetivity curves
in the Standards,

Basiec Formulas Belatinez to Array Power, RMS, and Design Constants

In this section basic formulas will be developed for checking the RMS
field and the pattern constants of an array.

The RMS field for any angle of elevation, O; is the equivalent none
direectional field intensity which would have the same power radiated between
the cones at &-and &+ d07 The RMS field for any angle of elevation, 6; is
given by

N N
E2(6) = S > EnBp £n(®) £p(6) JolSnp cos &) cos (ﬁh - ¥p)
‘ RS =) p:l
1)
o N N ‘
= j{j 2 FpFp £n(6) £p(@) To(Snp cos &) cos (Y - ¥p)
n=1l p=1
where,
E, = horizontal field intensity at 1 mile from the referemce tower in mv/m,
Ep = horizontal field intensity at 1 mile from tower n in mv/m.,
F, = the horizontal field ratio Ep/Eo.
Yn = the phase angle of current in tower n, referred to the current in the

reference tower.
5np the spaecing between towers n and p in electrical degrees.

Jo(Snpeos®) = Bessel function of S, cos &

np
fn(eﬂ = antenna form factor defined by equation 19 and plotted in Fig, 3.
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However, the RMS field is seldom required for any angle of elevation except
the horizontal which contains the useful radiated power. The horizontal RMS
is,

N N .
RS = 2 > EpEp Jo(Snp) cos (¥n = Up)

n=1 p=1

I

N N '
ES S 3. FnFp To(Spp) cos (U - 1)
n=1 p=l

(1s)

Elz + Egg * seccevosscoot ENg
+ & EyBg Jo(S19) cos (Pg = ¥g) + coc 2 EyEy J5(Sqy) cos (P; - ¥y)
+ 2 EgEg Jo(Sgz) cos (Yg = ¥3) + ... & EgEy J4(Say) cos (Y = Yy)

+ Qv VO8O

+ 2 By By T, E’(N;lmj cos (U3 - ¥y)

The horizontal field intensity Ep from any tower is related to the loop
current I, in that tower by,

{2) B, = 37.85 I, (1 = cos Gy)

where G, is the antenna height in electrical degrees of the nth tower,

Another basie formula is the total power radiated by the system in all
directions:

N

N .
Z Z In IP Rnp cos (wn = ﬂrp )
n=1 p=1

]

Pr
(3)

N N : ‘
L Roo 3 > o lip Rup cos (¥ = tp)
n=1 p=1
Roo
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= I;% Ry + T2 Ryp + wuuue Ig® Ry
+ 217 Ig Byp cos (¥ = Po) + ceeos + 2T Iy Ry cos(¥y - Py)
+ 20y Iy Ryg cos (W = W) + euewo + 2T, Ty Ry cos(lly - V)

* eooc oG e0

+ 2y Ty Rygg)y c0s Gy = ty)

In the above expression,

feed
Q
]

loop current in reference tower,

I, = loop current in tower n.

M, = the current ratio I,/I..
Roo = -gelf resistance of reference tower.
Bnn = gelf resistance of tower n.

Rnp = mutual resistance between towers n and p.

It is noted that the reference tower may be imaginary to realize the
simplest numbers for the given ratios, phases, spaces, etec,, but in order
for the results to have significance the reference height G, should be
equal to one of the Gy or possibly an average or mean of all the heights,

- The power loss due to an imperfect ground system and the dlss:npamon
loss in the towsrs themselves is given by,

1]

N
>° I,%R, sin G°
n=1

PL

(4)

2 2 2

Gy + 132 Ris sin® Go + see + Iy BRry sin® Gy

il

Il RLI sin

where R, is the base tower loss resistance which combines the effective
ground resistance and ohmic loss in the nth tower. R, is usually assumed
the same for all towers at some value between 0,5 and 4 ohms, usually aboub
& ohms. A note of caution should be added here that this assumption is
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not necessarily accurate and that differences in R, at the various towers
might conceivably be important in exceptional cases where the towers carry
greatly different currents, However, for checking a design, the assumption

of a constant R), is nearly always good emough, especially since there is

not usually sufficient data to make a more accurate determination of the in-
dividual BRj,; + For the unusual case where different R, values are considered,
adjustments can be made in the derived formulas, With the assumption of
constant R, , equation 4 reduces to,

(4a) Pp = I,2 Ry, |- Z 1,® sin® G
Roo n=1

It is noted that for anbtennas approximately one half wavelength in
helght the loop resistance value of the tower amd ground loss; i.e., Ry
G,~approaches zero, giving a physically incorrect answer. For this
case some value in place of sin should be assigned to give a reasonable
loop loss resistance in equations (4) and (4a). For these high antennas the
loss resistance is small compared to the self resistance of the tower so
that usually the effect of RL is of minor importance.

The total power into the towers of the array is:

From equation (&) the loop current and field ratios are related by:
1l - cos
(6) Fp =M [; - cos Gb]

Introducing the following notation:

n=1 p=1
s N
o= Z Z M‘DMP Rnp coSs (w}l - wp
n=1 p=1
BC)C)
(7)
‘ N
38 = Zj_' an S*.'I.Ilg G’n
n: .
ROO

r® =12+ a® By
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equations (la), (2), (3), (4a) and (5) become:

(lb) E% = Eo &

(2a) Ep = 37.85 Io(l - cos Go)

it

(3a) Pp = I,2 Ry T2
(4b) Pr = Io® Ryo a2 Ry,

i

(52) P = I42 Ry (r2 + a2 Ry)

I6% Roo rLa

The above list of basic formulas together with the definitions for e,
r and a constitutes a simple but complete set of equations for the solntion
and discussion of the array power, the RMS, all the current and field magni-
tudes, and the power efficiency. For example, given the arrsy design the
following steps could be taken for the solution:

&

be

Cew

de

Compute e, &, r, and rL from (7).

Estimate a proper value for Ry, and then with (5a) compute the
magnitude of the reference current I, and consequently the
magnitude of every other current.

With (8a) compute the reference field B, amd so draw up the
pattern in mv/m.

The expected RMS may be calculated from (1b),

It is often convenient to exmress the results in temms of loop current
I, and/or field intensity Eq from the reference tower if all the power were
radiated from that tower with no losses, Thus,

(8)

Eg = 37,25 \[P/Roo (1 = cos Go)

Substituting (8) into (5a) and (1b), the pattern constants and RMS are ob-
tained in terms of Eg and Iz,
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1o

Io/*L,

]

Eq/TL,

(9) 4§ Eo
Epus = (e/rL> Eg = E/\!r&»a&aﬂ Eq

The above form in conjunction with Fig. 1 is very convenient for caleulat-
ing the pattern constants and Epyge

To assist in the calculation of the constants e, r, and a, several
curves have been prepared. Fig. 1 contains curves of the self resistance
Rpn and Eg versus height G. Unfortunately, there are not available many
curves of mutual resistance between unequal height antennas. This mutual
resistance may be calculated from either a lengthy formlal or graphieallyg.

Horizontal Field Gain and Power Efficiency

The form of equation (9) is very useful for studying the effect of
the ground and tower loss Ry, upon the Epyg, since e, r, and a are independ-
ent of Ry, With this form the calculations become simple,

From the basic equations in the preceding section other formulas of

interest may be derived., One such formula, for example, is that for the
‘horizontal gain of the array, which is defined by,

(10) g = EmgS/Ea = e/rL = 3/\|r2+&2RL

In other words, the array would radiate gz times as much useful power in
the horizontal plane as would a single tower of reference height and no
losses, if all the power were concentrated in that one tower,

Another useful auxiliary is that for the power efficiency of the array:

n = Pp/fPpePr)= r¥/rr? = r®fr+a’RL)
(11)

I

1/I+Rp(a/7)2]
1 "Mutusl Impedance Between Unequal Height Antennas®, by Cox, IRE, Nov., 1947,
2 wpirectional Antemnas®, by C. B. Smith, P. 84.
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In equation (11} it is observed that the effeect of ground and tower loss

is contained cunly in RJ-” while the independent factor a/r represents the
contribution of the inferent design of the array. This factor a/r deter-
mines the total effect of the array design upon the power efficiency. Thus,
with equation {11) the effects of antenna design and/or tower plus ground
loss may be studied quite easily.

Most arrays are designed 1o have equal height elements and for this
special case the preceding formulas can be simplified on aceount of the
following squalities:

Fy = M,
{12) ¢, = G,

2
g_sin" Hy o
My 3 s

=g e]e]

where s is defined abowve. For any specific case these constants may be de-
veloped and salculated simultaneously, since the corresponding temms of a
and ¥ contain the same factors except one.

The advantage of using the ratio B, /R,, lies in the fact that this
ratio is alimest independent of ankenna height, making it easier to interpo-
late for inkermediate heighbts as well as meking the factor r substantially
indeperdent of helght. Ry /R,y for equal height antennas as well as Jo(snp}
are plotted in Fig. 2. These curves of Rnpfaog have been calemlated by
Commission personnsl.
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To digress for a moment, a useful approximation to the mutual resistance
between two towers of unequal heights G and Gg is:

{14) By (Gy,Gg) ?’;\}0(1‘:{ d 22 Ri1 Beg

=\ Ry (67.6) R[G5, 5]

Where Bpp and Jnn are the self resistance and the ratioc of mufmal to self
resistances, respectively, for two towers of equal height Gy, and Rm(GmGP)
is the mutual resistance beiween two towers of unequal heights Gy and Gpg
The derivation of this approximation is as follows: Define, in analogy with
lumped circuilts, the ratioc of the mutual resistance between two antennas to
the geometric mean of their self resistances as the coefficient of coupling
between the antennas, Then, it is plauwsible and indeed approximately true
that the coefficient of coupling between ¥wo antennzs of unequal height is
the geometric mean between the coefficients cbtained by assuming them o

be both first of the one height and then both of the sscond height; i.e.,

(14a) leg\’;n;zs

Using the curves of Figures 1 and 2 for the values of Ry, Rgg, th and 4 o0
the mutual resistance between two unequal height antennas may thus be
approximated rather quickly. The resulbant approximstion is aceurate within
several ohms but the reader is ceutioned not to use it where accuracy is
required. ;

The design effieiency factor, &/r, of (11) is rather interesting for
this case of equal height elements and reduses %o, '

(15) a/r = (sin Go/ \[Bgol (5/T)

The effect of antenna height is practically all conkained in the term

sin GO/ Ry since s is independent and r almost irndependent of antenna -
height, The factor s/r represents the contribution of the spacing between
the antenna elements upon the system efficiency.

The term s/r may be further subdivided inte,
(16) s/r = {s/e) (e/r)

From (9) it is seen that e/r is the horizonBal field inkensity gein with no
losses and almost never exceeds a value of 1.5, On the other hand, s/e is
the ratio of BRSS (roct sum square) %o BMS (root msan square) fields and may
get quite large so that this index s/e is a fairly good indexz of the design
with respect tc powsr efficiency, a large ratic of s/a indisating a poor
effieciency, Mr. Glenn D. Gillebt has proposed the use of this ratic s/e
as an index of efficiency of an array. This retic is relatively easy

t0 galceulate and is therefore very convenient. Howsver, it should be
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realized that it is not a completely accurate index since it neglects the
effects of antenna height upon power efficiency. Thus, for two arrays of
different heights the same value of s/e would not dencte the same efficiency
for a given loss but might indieate whether or not the systems tended to be
inefficient. A4s previously stated the ratio a/r is the true index of the
design efficiency.

Tolerance and Stability

It is frequently necessary to check an array to ascertein whether or
not it will exceed given tolerance values in certain specified directions
as the various currents in the towers vary with emplitude and/or phase.

The best approach to this problem is to add graphically the individual
vector fields in the critical directions. On this type of plot it is com=
paratively easy to study and visualize the relative effect upon the result=
ant vector of varying the amplitudes ané/or phases of the currents in the
individual towers. The resultent vector field is:

Ea b Gov by

N
:;én

where é‘n represents the vector field from tower n and is given by,

(17)

(18) 6/11 = £, ty(8)ed Eéfn + S, cos & cos (f - gfnil

Where, |
(19) ¢ (&) = ¢08(Gy sin®) - cos Gy

? cos & (1 = cos Gy)
and

£,(0) = vertical antenna form factor of tower n (See Fig. 4).

o = Angle of elevation from horigzontal plene.

Sy = spacing in electrical degrees of towsr n from referencs
point,

g, = horizontal orientation angle of towsr n from the reference
line.

[} = horizontal angle from reference line.

£(9) is plottsd in Fig. 3.

The geomebtry is shown in Fig. 4.
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When it is required to plot the pattern of an array, the magnitude of
the field et any point iz found by teking a dot produst of . Thus:

N
Eaﬁ&@:}; ;i En o &

o
N N '
= Z By By £p{0) £5 (8) cos E’éfn = ) + Snp @Qsﬁﬁos{ﬁmﬁﬁ?ﬂ

p=
s N 0N . .
=By » > Fy Fp, £p(@)ep(6) cos @rfw?} + Spy @osems(gfmgsnpﬂ

it

Eggé’lz flg(a’) 4 Fgg fgg(@‘) F soee * Fﬁg f}q’g i&)
(20) ‘ -
2F Fgfq (o) e(6) cos B‘tlrl = Yz} + Sy9c0s &cos (F - ¢123]

&

b vost 2 (S105(0) cos [y W) + Syy cosesos(d - Fuyl]

+ 2FpFsfs(€)f5{6) cos E’c{rg; Pz} + Soz cosOtos g @ 5335)]

+ ooot EFgFyfa(0ify{6) cos qug, = Yy} + Sgy cosbtes (f - nggg):[

+ pes 2Py Fy f@liﬁ)fmiﬁf cos B"i’ﬁm}. - Uyl + Sm;m 603%38‘(55‘9‘(&”3)1@1}

FPor the special ease of equal height antennas,

. .
(18a) C= Eo £(8) D Mpel E?n + Sy cos & cos {ff - ﬁn)]
m=1

| NN &
(20a) E = E, £(&) ﬁ;}. % MMy, cos E‘lifn = Y} + Sy, costeos (f - ¢npﬂ} |

Where S‘n 5555:1113 is the vefa{:or spacing from towers p toc 1. t should be noted
that in gging {20) or {202),
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Sng = Spn
{e1)

gnp = ?pn* L

=7

Usually the terms of (20) or (20a) can be combined into simpler trigencmetri-
eal form.

Illustreative Problem

A specific design will now be checksd in order-t¢ demonstrete the use
of the formulas and conecepbs previously &evelap@aa The egqual helght array
skown below will be checked.

#1 60° #2 60°  #3
o a - :> 138¢ true

0,5|11.4° 0,753 |176,6° 0,5|=11,4%

&

The given constants are,

Goo = 65° My = F} = 0,5 My = Fz = 0.5
Sq1g = Sggz = 60° Ty = 11.4° Ty = <11,4°
Sy = 180° | Mg = Fg = 0,753 P =1 kv,

Yy = 176,69

In the direction of 165° true & maximum horizontal tolersnce field of
60 mv/m is permitted. The working constants are developed in parallel
from equation {13).

//;3 = MI%'* M22'+ mﬁg + 2M;Mg J@(Slg) cos (&i = Ys)
+ BMyMz T (Syz) cos (Iy - ¥=) + MMz I, (Sem) cos (Vg = Ys)
o2 = (0.5)% + {0.755)% + (0.5)2 + 2(0,5){0.753) {740} ws(;.zssoz@)]

+ 2(0.5)(0.5}{.175) cos 22,8° + 2{0,753)(0.5)(.740) cos 188,00 = ,059
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= M2 4 M2+ Mo2 + EM.M, Rio/R. cos (U - V)
1 2 Y e Bia/Rog cos (Vg - ¥y

+ MMy Byo/Ry, cos (U = Ug) + 2MpMy Ron/R , cos (Yo - )

. fod
i

N5
il

{0,61% + (C.753)% + {0,5)2 + 2(0.5)(0.753) (.800) cos (~165.20)
+ 8{0,51(0,5)(.295) wos 22.8° + 2{0.753}(0,5)(.800) cos 185,20 = ,024

= Mp% o Mp® 4 Mg®

0 &
tav] i)
i i

: E@;ﬁ)g + {0.755)% + (0.5)2]= 1,067

02 = SIn‘Gy (2
Ry -
2 _ {.90e)?
e m A e (1006?) = 0687
Q9

From the above,
a = (0,239 s = 1,033
o= (0,155 a = 0,262
The "Gillett®™ ratic is,
gfe = 4,83
and the design efficlency factor is,
a/r = 1,89
Both ratios are high indicating an inefficient system with conseguent ipe

tability. From Fig. I, By = 190 mv/m and using equations T, 9, and 10, we
get the following Hable:

2 2 , TEe
RL . RI“, 'I“L I.‘L Em% P,
D5 . 034 . 058 ° 841, 188 . 414
1 - U6 093 - 308 149 « 208

LT 161 A2 113 -149
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I% is noted that a wery good grovnd system would be necessary to meet the
mininmm requized Epyg of 175 mv/m, Alsc, a slight change in By would
cause a large change in the Epye and the effivciency of the system, camsing
instability,

Assuming that an By of 0.0 eould be maintained, the pattern constant
{equation 9)

E, = By/ry = 190/.241 = 788

The horizontal Field gain is,
g = efrp = 0,992

The resultant vector field is,

é = 5, £(&) {gi gJ Eifl + 8, cos & cos (f ﬂ gza

+ Fg &3 Ecirg + 83 cos &rcos (ff - p’gﬂ + s & E@rg + Sy cos 6 cos (;55;55)]}
&= 9me ried o5 &1 E}A» 60 cos & cos (f - m)| o055 £F 17646

s 0.5 &1 [Pl + 60 cos & cos g;ﬂ]}

= 988 £{%) {00%8’5 el 1786 o cos Bl.«é: = 60 cos & cos ;ﬁD

where the eenter bower is the reference point and the reference line is
the line of towers at 135° true., The magnitude of the Pield in any direc=
tion may be obtained from the above expression off but for illustrative
purpeses is deprived from equabtion 20,

+ LM, cos [ﬁ;’éfi = Pz} + 8¢5 cos &cos (f - ﬁfaﬁﬂ
y
- =
+ EMplls cos E’iﬁ‘g - Us) + Sgg cos ¥ cos (7 - gf&}f?}ﬁ}

2 2 2
£ = 788 £l {G& + THE8 + 08 + 2(0,5) 19758 oo [11.4-176.6)+60c058t 050

)
P

+ (2)0.5  cos E‘az,& - 1280 cos & cos @j
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)
+ 28{0,753){0.5) cos [:‘*_2,88.,0 = B0 cos & cos ;&ﬂ}

i

788 £(&) < 1,087 + 0,753 cos Eﬁs,z + 60 cos & cos gﬂ

+ 0,5 cos [?g%,,é - 120 cos & cos 55]

¥

0,783 cos ELBS = 60 nos S cos gﬂ}

In the direction of 165° true a maximum E of 60 mv/m is allowed.
For § = 30° and &= 0,

é}» = 594&@5 40,8 &2 = 594 63 176,6 53 = 304 65 40,6

The weotor diagram is shown below. The effect of changing the ampli=
tude arfi/ar phase of any vector can be studied quite easily.

From this vector disgram it is no‘se& that the magnitude B of the wveetor &
ig particularly sensitive fo changes in "ahase and magnitode of 625, since

1 and &z are smaller and complex conjugates, A eombination of 5 percent
inerease in I and a 2 degree decrease in "tfr Wouiﬁ change E from 37.1 to
64,5 mv/m, exceeding the MEOV of 60 mv/m in %h:;s ‘direction. The worst
possible condition, of sourse, would cccur with the combination for which
every magnituds and phase changes simultanecusly in the direetion of
inereasing E.

Conelusion.,

Several useful concepts and constants have been dewveloped for the pur-
pose of reducing a check on the design of a directional array to an organized
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procedure. No attempt has been made to develop the design theory itself,
It is unfortunate that the mutual resistance curves are not very compiete
and some day it is hoped that a more complete set will be available.
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115
135
160
180
200
225
233
245
250
255
270
290
315
540
360
385
405
420
425
430
450
470
495
580
540

TABLE TA

Bu/Roo
h=45° h=90° h=1%° h=180°0 h = 2950 h = 2700
0.87999 0,87894 0,87331 0.86759 0,86459 0,91178
0.72301  0.71781 0.70769 0,69058 0,68888
0.56541 0,55788 0,54841 0.,51663 0,51479 0,68436
0,34708 0,33739  0.31579 0,27981 0,27884
0,17345 0,1608% 0,13528 0,09265 0,09415 0,37868
=0,02509 =0,03956 ~0,06835 «0,12079 -0,10874
=0,15668 =0,17137 =0,19986 «0,24534 o0,23412 0,08111
w0,25597 «0,26867 ~0,29488 ~0,33560 -0,31810
~0,32454 =0,33580 «0,35623 ~0,38561 =0,35978 ~0,13545
<0, 53690
w0, 34557
-0, 33525 ~0,35401 =0,36743
=0, 52145
=0,30494 =0,30768 =0,31188 =0,31058 =0.27222 =0,23614
=0,24795 ~0,24569 =0,24088 -0,82541 ~0,18460 ~0,24557
~0,14930 =0,14291 ~0,12811 =0,09618 =0,056228 <0,22834
=0,04063 =0,03007 -0.00735 0,03740  0,07087
0,03987 0,05487 0,08155 0.1%107 0,15683 =0.15152
0.12680 0,14071 0,16681 0,21892 0,22965 -
0,17274 0,18602 0,21284 0,25786 0,25584 =0,05546
0.26701
0,19525  0,20699 0.23003 0.26610 0,24995 -
0.20847 0,26428 ~0,01103
0,19060 0,19903 0.21450 0,23537 0,20215 0,01712
0.,16684 0,1788% 0,03716
0,10720 0,107486 0,10598 0,09463 0,04089 0,05078
, 0.05345
-0,02581 =0,07750 0,04956

450

70

90
1i5
135
160
180
200
225
233
245
250
255
270
290
313
340
360
385
405
420
425
430
450
470
495
520
540




TABIE IB

S AN
a0¢ 0.9697%
40 0,.88181
80 0.74407
30 0,56889
100 0,37174
120 0.16981
140 - «=0,02036
180 =0,18174
180 ~0,.30435
200 ~0,37887
220 =0,40274
240 ~0,37806
260 =0,31157
280 =0,21382
300 =0,09791
320 0,02027
340 0.,13197
360 0.22024
3380 0.27789
400 0.29993
420 0,28562
440 0.23832
450 0.16503
480 0,07510
500 =0,01979
520 =0,10862
540 © =0,18124
TABLE IC

Hl Roo
45° 3,3597
90 36,5623
135 92,8970%
180 99,5372
225 ‘ 53,26457

270 58,7431




TABILES IB and IC

TABLE IB TABLE IC

= Tols) 1 Boo
20° 0.96977 450 %,3597
40 0,88181 90 36,5623
80 0. 24407 135 92,89703
80 0,566889 180 99,5372

100 C.37174 285 5%, 26457

120 0.16981 ' 270 52,7431

140 , =0,02036

160 =0, 18174

180 0 o BOLZS

200 =0, 37887

280 (o 40874

240  =0,37806

260 =0, 31157

280 =0,21382

300 =0, 09791

220 0.02087

340 0.13197

- BBO 0.22024

380 C. 27789

£00 0. 29993

420 0,.28568

440 0,23838

460 0. 16503

480 0,07510

500 0. 01979

520 ~0,10868

540 «=0,18124




TABLE 1-D

VERTICAL RADIATION CHARACTERISTICS

_cos (G sin @) - cos G

170hL~2/18

£(e) = (1 - cos G) cos 8

8 = Vertical Angle

G = Antenna height - electrical degrees
a° 50 £g 60 65 70 75 80 85 90 95
e £(e)
T0° 1.,0000 1.0000 1,0000 1.,0000 1,0000 1.0000 1,0000 1.0000 1.0000 1.0000
10 .9829  .982L  .9819  .9815  .9809  .9803  .9795  .9788  .9780  .9769
20 G932l 09309 L9289 .9272  ,9251  .9226  .9200  .9172  .91L3  .9110
30 8519  .84B6  .8L53  L.8L16  .8375  .8328  .8277 - .822L .8165  ,8102
L0 S7LL9 L7410 .7358 27305 W72hL L7179 « 7109 .7103 6946 6855
50 6185 6129 6073 6008 5936 5861 5777 0686 5591  ,5L486
60 L759 L7085 LWLéL8  WL586  JL517 WLbbdl W4361 - L4270 L4178 LLO78
70 23216 .3189 - .31L0 L3089 ©.3031 L2970  .2905  .28L1 L2766  L.2687
80 1629 L1622 L1578 L1557 L1515 QL9 LaLsé - .1LOo7 L1377 L1330
90 .0000 L0000  .0000  .0000 L0000 L0000 L0000 L0000 L0000 L0000
a° 100 105 110 115 120 125 130 135 140 145
8 £(8)
~0° 1,0000 1.0000 1.0000 1.0000 I.0000 1.C000 1.0000 1.0000 1.0000 1,0000
20 907h - L9035 ,8993  L89L7  .8898 - .GB8LS - .8788  .8725  .B8657  .858L
30 8033 L7959 : .7878 L7791 L7698 L7597  .7L89 - L7372 .72L5  .7109
L0 B759 6655 0 L6540 L6L20 T L6288 6157 L5999 W5837  W566L  L5LTT
50 .5372 - .5253  L512l . JL987  .lB838 L6800 U511 WL330 L4137 L3931
60 3969  .385L L3730 . 23599 L3460 0 .3310 (3151 L2981  L,2802 L2611
70,2598 L2509  .2412 @ .2310 © .2205  .2090  .1969  .1838 - .1699  .155L
80 1281 .123%6 ,1180 . L1130 L.106L - .1007 - .09LO L0867 0796  .0719
90 - ,0000 - ,0000  .0000  .0000 ~ ,0000  .0000  .0000  .0000  .0000  .0000
G° 150 160 170 180 190 200 210 220 230 2L0
8 £(8) '
T0° 1.0000 1.0000 1.0000 1.0000 71,0000 .1.0000 1.0000 1.0000 1.0000 = 1.0000
10 9602 .9551  .9L91 L9418 © .9330 © .9222 - .9090  .892L  .8580  .8LL2
20 .850L  .832L .8110 - .7855 © .75L8 L7175 L6718 .6151  .5L38  LL525
30 6960 6628 6237 L577hL W5222 0 561 .3757 0 .2772  .15L8  .0000
Lo -.5276 L4828 L4305 . .3696 . .2979 .2129 1112 L0116 L1620  .3L89
50 3710 - .3220 L2657 L2008  .1256 L0378 L0656 @ .1885 @ .3362  .5163
60 L2L07 - .1960 ¢ L1L51 - L0873 © L0212 L0550  .1h31  .2L60 L3673 L5l12h
70 1399 .106L - 0687 L0260 . .0220 .076L  .1388  .2106  .2935  .3908
80 L0633 L0457 .0255 . .0032 ,0218  .0L9%9  .0818  .1181  .1599  .2078
%  -,0000 .0000 .0000 L0000  ,000O  .000O L0000  L,OOOO  .0O0O L0000
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UNATTENUATED HORIZONTAL FIELD INTENSITY AT ONE MILE

FIGURE 1

Antenna Height in Degrees
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e i FIGURE 2 :
o ~ RATIO OF MUTUAL TO SELF RESISTANCE -
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FIGURE 4







